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Abstract 

Background: Despite decades of nutrition education, the prevalence of unhealthy dietary patterns is still high and 
inequalities in intake between high and low socioeconomic groups still exist. Therefore, it is important to innovate 
and improve existing nutrition education interventions. This paper describes the development, design and evaluation 
protocol of a web-based computer-tailored nutrition education intervention for adults targeting fruit, vegetable, 
high-energy snack and fat intake. This intervention innovates existing computer-tailored interventions by not only 
targeting motivational factors, but also volitional and self-regulation processes and environmental-level factors. 

Methods/design: The intervention development was guided by the Intervention Mapping protocol, ensuring a 
theory-informed and evidence-based intervention. Two versions of the intervention were developed: a basic version 
targeting knowledge, awareness, attitude, self-efficacy and volitional and self-regulation processes, and a plus 
version additionally addressing the home environment arrangement and the availability and price of healthy food 
products in supermarkets. Both versions consist of four modules: one for each dietary behavior, i.e. fruit, vegetables, 
high-energy snacks and fat. Based on the self-regulation phases, each module is divided into three sessions. In the 
first session, feedback on dietary behavior is provided to increase awareness, feedback on attitude and self-efficacy 
is provided and goals and action plans are stated. In the second session goal achievement is evaluated, reasons for 
failure are explored, coping plans are stated and goals can be adapted. In the third session, participants can again 
evaluate their behavioral change and tips for maintenance are provided. Both versions will be evaluated in a 
three-group randomized controlled trial with measurements at baseline, 1 -month, 4-months and 9-months 
post-intervention, using online questionnaires. Both versions will be compared with a generic nutrition information 
control condition. The primary outcomes are fruit, vegetable, high-energy snack and fat intake. 

Discussion: The evaluation study will provide insight into the short- and long-term efficacy of both intervention versions 
in adults. Additionally, differences in the efficacy among high- and low-educated people will be examined. If these 
interventions are effective, two well-developed interventions will become available for the implementation and 
promotion of healthy dietary patterns among both high- and low-educated adults in the Netherlands. 

Trial registration: Dutch Trial Registry NTR3396. 

Keywords: Environmental feedback, Self-regulation, Computer tailoring, Nutrition education, Fruit intake, Vegetable 
intake, Fat intake, Snack intake 
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Background 

Unhealthy dietary intake patterns are an important risk- 
factor for multiple chronic diseases, like cancer, cardio- 
vascular diseases (CVD) and diabetes mellitus type II 
[1]. Morbidity from conditions such as CVD and obesity 
could be reduced when more people would adopt a 
healthy diet [2]. 

The World Health Organization recommends con- 
suming at least 400 grams of fruit and vegetables a day, 
and to control fat intake to a maximum of 30% of daily 
energy intake (E%) [3], with a maximum of 10E% from 
saturated fat [4]. The needed energy intake ranges from 
1,600 to 2,400 kcal for women and from 2,000 to 
3,000 kcal for men, depending on age and energy ex- 
penditure [5]. However, in most developed countries the 
consumption levels of fruit and vegetables are below [4], 
and those of fat [4,6] and energy [7] above these recom- 
mended levels. 

The Dutch recommendations are to consume at least 
two pieces of fruit and 200 grams of vegetables per day 
[2,8] and the adequate intake range for total fat is set at 
20 to 40E%, with a maximum of 10E% for saturated fatty 
acids [2]. Although the exact recommendations for en- 
ergy intake depend on age and energy expenditure, the 
average guideline for daily energy intake is 2,000 kcal for 
adult women and 2,500 kcal for adult men [9]. The 
mean daily consumption of vegetables of Dutch adults 
is, however, only 130.1 grams and the mean habitual fruit 
consumption is only 117.4 grams a day. In all age groups, 
the median habitual total fat intake is above 20E% and 
8-10% even have a habitual total fat intake above 40E%. 
For saturated fat, 88-92% of the Dutch population had a 
higher habitual intake than recommended. In addition, 
Dutch males have a too high energy intake [2]. 

Unhealthy dietary patterns are prevalent in all socio- 
economic groups, but the prevalence is highest among 
people with a low socioeconomic status (SES) (e.g. 
[2,10-13]). Low SES groups consume less fruit and vege- 
tables [2,10-12] and have a higher intake of energy 
[12,13] and fat [2] compared to people with a high SES. 
Inequalities in some diseases, such as CVD and some 
forms of cancer, may be partially due to SES differences 
in dietary intake [14]. 

Despite decades of nationwide nutrition education, 
the prevalence of unhealthy dietary patterns is still 
high and inequalities in intake between high and low 
socioeconomic groups still exist. It is, therefore, im- 
portant to innovate and improve existing nutrition 
education interventions. 

Because unhealthy dietary patterns are prevalent 
among a large group of the population, it is important 
that a nutrition education intervention reaches a large 
number of people, preferably at relatively low costs. 
Computer tailoring is a strategy that has the potential 



to reach a large population with individualized feed- 
back at relatively low costs [15]. In computer-tailored 
interventions, health information can be adapted to the 
specific needs and characteristics of a person [16,17]. 
Several reviews [15,18,19] have shown that (web-based) 
computer-tailored interventions may have positive effects 
on the intake of fruit, vegetables and fat, compared to gen- 
eral or no information. Computer-tailored interventions 
have also been found to be effective among low SES groups 
[20]. Web-based computer-tailored interventions can 
potentially have a higher reach than print-delivered 
versions, especially since Internet penetration rates in 
the Netherlands are high [21,22], including among low 
SES groups [22]. Therefore, in this study we chose to 
develop a web-based computer-tailored nutrition edu- 
cation intervention. 

Effect sizes of existing computer-tailored interventions 
aimed at dietary behaviors are, however, often small 
[15]. Traditional nutrition education interventions have 
mainly targeted motivational determinants, such as atti- 
tude and self-efficacy. Although motivation is an import- 
ant first step in the behavior change process, it is not 
likely that motivation alone will lead to sustained behav- 
ior change [23-25]. This 'motivation-only' approach ne- 
glects, for example, the important volitional phase of the 
behavior change process [23,25]. In the motivational 
phase of behavior change, people form intentions to 
adopt a healthful diet, but these are often not translated 
into action. The volitional phase of behavior change fo- 
cuses on bridging this gap between intention and action 
and thus facilitates actually making changes. In order to 
achieve sustained behavior change, it is important that 
changes in dietary intake are maintained over time. This 
requires self-regulation skills, which are often not tar- 
geted in traditional nutrition education interventions. 
Self-regulation [26] motivates and enables people to 
achieve self-set goals. Targeting volitional and self- 
regulation processes may increase effect sizes of inter- 
ventions and may help achieve sustained behavior 
change. 

Besides cognitive determinants and self-regulation 
principles, environmental factors are likely to be import- 
ant drivers of dietary behavior, as stated in the Social 
Cognitive Theory [27] and the EnRG framework [28]. 
Traditional interventions, however, do not take into 
account the environmental factors that can facilitate or 
hinder individuals to be able to act on their intentions 
[25,29]. Therefore, addressing environmental-level fac- 
tors in a computer-tailored intervention may contrib- 
ute to improving the effect sizes of computer-tailored 
interventions. 

This paper describes the systematic development and 
the content of two versions of a web-based computer- 
tailored nutrition education intervention, in which these 
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novel elements will be incorporated. By detailing the 
intervention development and design, we comply with 
recent calls for a specific intervention description, which 
increases the transparency of intervention content and 
improves the options for replication [30]. 

Methods/design 

The development of the intervention was guided by the 
Intervention Mapping (IM) protocol, which ensures that 
the intervention is theory-informed and evidence-based 
and maximizes the likelihood of effectiveness [31]. The 
IM protocol distinguishes six steps to intervention de- 
velopment, implementation and evaluation. The present 
paper is specifically focused on the steps to intervention 
development. 

Step 1: needs assessment 

Based on the needs assessment, of which a summary is 
provided in the introduction section, the intake of fruit, 
vegetables, energy and fat were identified as target be- 
haviors. In addition, people with a low educational level, 
as an indicator for SES, were identified as an important 
risk group. To limit participant burden and to be able to 
develop brief and easy-to-use intervention modules, we 
decided not to focus on total energy intake, but to focus 
on the intake of high-energy snacks, since these have 
been found to be an important contributor to excess en- 
ergy intake [32]. A change in high-energy snack intake 
can therefore result in a considerable change in energy 
intake. Therefore, the following overall intervention goal 
was set: increasing fruit and vegetable consumption and 
decreasing high-energy snack and (saturated) fat intake 
among Dutch adults, in both high- and low-education 
groups. 

Step 2: performance objectives, determinants and 
change objectives 

Dietary intake is a complex behavior that cannot be 
changed directly, but that results from a number of 
specific actions that have to be taken, such as 'Deciding 
to increase fruit consumption'. These more specific 
actions can be translated into 'performance objectives' 
(POs) [31], which are the target behaviors (e.g. 'Moni- 
toring fruit consumption') that people have to perform 
in order to reach a behavioral goal (e.g. 'Increase fruit 
consumption'). 

Self-regulation theory was used as one of the central 
models for this intervention and guided the formulation 
of the POs. According to Maes and Karoly [33,34] self- 
regulation occurs in multiple phases: a) a pre-action 
phase, in which the existence of a problem, such as low 
fruit consumption, is recognized, an intention to change 
is formed and a goal and action plan are set; b) an action 
phase, in which people execute their plans and try to 



reach their intended behavioral goal and; c) an evalu- 
ation phase, in which people evaluate their behavior 
change and, depending on the evaluation results, main- 
tain or adapt their goals and action plans. 

For each of the four dietary behaviors targeted in the 
intervention (i.e. fruit, vegetables, high-energy snacks 
and fat) POs were formulated, based on the three phases 
of self-regulation. The POs for the target behavior fruit 
consumption are illustrated in Table 1. The POs for veg- 
etables, high-energy snacks and fat are similar and are 
therefore not presented in this paper. 

The next step of this second phase of the IM protocol 
was to analyze determinants of the selected target behav- 
iors [31,35]. To identify the important and changeable 
individual- and environmental-level determinants we 
conducted a review of the empirical literature on deter- 
minants of dietary behavior in general and the specific tar- 
get behaviors, i.e. intake of fruit, vegetables, high-energy 
snacks and fat. In addition, we identified potentially rele- 
vant individual-level determinants from motivational- and 
volitional theories, such as self- regulation theory [26], the 
Precaution Adoption Process Model [36] and the Theory of 
Planned Behavior [37]. 

Based on the Precaution Adoption Process Model 
[36,38], awareness of one's own dietary intake was iden- 
tified as a determinant of dietary behavior in general. 
The Theory of Planned Behavior (TPB) variables - 
intention, attitude, self- efficacy, perceived behavioral 
control and subjective norms - were also found to be 
associated with dietary behavior in general [39]. General 
environmental-level factors that were identified in the lit- 
erature were perceived availability and perceived price dif- 
ferences between healthy and unhealthy food options [40]. 

For both fruit and vegetable consumption the follow- 
ing individual-level factors were identified: knowledge 
[10,41,42], self-efficacy [41,43,44], attitudes [41], intention 
[41,45], self-regulation [43], action and coping planning 
[46] and habit [42,45,47,48]. Based on two Dutch focus 
group studies taste was also identified to be important 
[47,48]. Environmental-level factors that were identified for 
both fruit and vegetable consumption were: perceived avail- 
ability [11] and perceived costs of fruit and vegetables 
[11,49]. For fruit, the availability of fruit in the home envir- 
onment was also found to be related to intake [49,50]. 

Determinants of the intake of energy or high-energy 
snacks were under studied and therefore only a few 
individual-level factors have been found: self-efficacy, 
attitude, intention [51] and taste [52]. 

Fat intake was shown to be associated with self- 
efficacy [43], attitude [53], self-regulation [43] and habit 
[53]. No specific environmental-level determinants were 
identified for fat intake. 

In addition, some differences in determinants between 
high and low SES groups were found. Relatively high 



Springvloet et al. BMC Public Health 2014, 14:47 
http://www.biomedcentral.com/1471-2458/14/47 



Page 4 of 15 



Table 1 Performance objectives for fruit consumption 



Self-regulation phase 



Performance objectives 



Phase I: pre-action 



Phase II: action 



Phase III: evaluation 



P01 : Individuals monitor their own fruit consumption. 

P02: Individuals compare their fruit consumption with the recommendations. 

P03: Individuals recognize the importance of increasing their fruit consumption. 

P04: Individuals decide to increase their fruit consumption. 

P05: Individuals prepare their behavior change: 

-P05a: Individuals set a challenging, but feasible goal to 
increase fruit consumption 

-P05b: Individuals make action plans for their behavior change. 

P06: Individuals start changing their behavior: they eat more fruit 
and/or eat fruit more often. 

P07: Individuals keep track of situations that caused failure. 

P08: Individuals evaluate the achievement of their goals: 

When behavioral goal has not been reached, individuals choose to: 

-P08a: Continue with their behavioral goal (depending on reasons of failure); 

-P08b: Adjust their action plan for the same behavior change goal; 

-P08c: Adjust their goal for fruit consumption; 

-P08d: Set a new behavioral goal for another target behavior 
(i.e. vegetables, high-energy snacks or fat) 

When behavioral goal has been reached, individuals choose to: 

-P08e: Adjust their behavioral goal, in order to improve their fruit 
consumption even more (for example, 
when their goal was to eat one piece of fruit instead of zero, 
they can change their goal to eating two pieces of fruit); 

-P08f: Set a behavioral goal for another target behavior 
(i.e. for vegetables, high-energy snacks or fat). 

P09: Individuals maintain the increase in fruit consumption: 

-P09a: Individuals keep monitoring their fruit consumption; 

-P09b: Individuals take action when they diverge from behavioral goal. 



prices of healthy food products are suggested to be more 
important for low SES groups [12,47,54]. In addition, the 
relative importance of price in food choices is associated 
with a lower consumption of fruit and vegetables and a 
higher intake of energy-dense food and may therefore 
mediate the effect of SES on the intake of fruit, vegeta- 
bles and energy-dense foods [12]. Another study showed 
that perceived affordability, perceived food availability 
and accessibility (almost fully) mediate the association 
between SES and diet [11]. In addition, adolescents in 
high SES families perceive a higher accessibility of fruit 
and vegetables at home [50]. 

After the determinant analysis we defined change ob- 
jectives (COs), which are the most direct target behav- 
iors of the intervention. COs were defined by crossing 
the POs with the selected determinants [31]. For ex- 
ample: crossing the PO 'Individuals decide to decrease 
their high-energy snack intake by substituting it for a 



lower-energy snack' with the determinant 'perceived 
availability' gives the CO 'Individuals perceive lower- 
energy snacks as highly available in their supermarket'. 
Examples of change objectives for the target behavior 
fruit consumption are given in Table 2. 

Step 3: theory-based methods and practical applications 

In the third step of the IM protocol we selected theoret- 
ical methods and practical applications to modify the 
determinants of the dietary target behaviors, in order 
to achieve the change and performance objectives. A 
method is a theory-based technique that influences a de- 
terminant and can be delivered via a practical applica- 
tion. When translating theoretical methods into practical 
applications, it is important to meet the conditions 
under which the theory and method are effective (i.e. 
'parameters for use') [31,35]. Modeling, for example, is a 
theoretical method derived from the Social Cognitive 
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Table 2 Selection of change objectives for fruit consumption 



Performance 
objective 



Determinants 



Awareness 



Attitude 



Self-efficacy 



Perceived availability 



P01: Individuals 
monitor their fruit 
consumption 



P04: Individuals decide 
to increase their fruit 
consumption 



Individuals are aware of their 
own fruit consumption 

If applicable: individuals 
recognize the problem of their 
own low fruit consumption 



Individuals express positive 
attitude beliefs towards 
increasing their fruit 
consumption 

Individuals can explain the health 
benefits of increasing their fruit 
consumption 



Individuals identify 
barriers to increasing 
their fruit consumption 

Individuals are confident 
that they can cope with 
barriers 



Individuals know which fruit 
products they can buy in 
their supermarket 

Individuals perceive fruit as 
highly available in their 
supermarket 



Theory [27] that can be used to modify self-efficacy. A 
practical application for delivering modeling to the par- 
ticipants is including role model stories quoting how 
peers coped with a certain barrier. Modeling is only ef- 
fective when the target group can identify with the 
model, when a coping model is presented and when a 
reinforcement of the behavior is visible [31,35]. The de- 
terminants, theoretical methods and practical applica- 
tions per self-regulation phase are described in more 
detail below. The design is the same for each target 
behavior (i.e. fruit, vegetables, high-energy snacks and 
fat), unless stated otherwise, and therefore, on general, 
no distinction between the target behaviors is made in 
the description. An overview of the methods and appli- 
cations applied in the intervention, divided into the 
three self- regulation phases, is shown in Additional 
file 1 (Table SI). 

Phase I: Pre-action 

In the pre-action phase of self-regulation, the motiv- 
ational determinants are the most important to target 
[26]. 

Knowledge 

Knowledge is targeted by providing general informa- 
tion in the form of short facts about the target behavior 
and information on the consequences of not comply- 
ing with the guideline regarding the target behavior 
[30]. 

Awareness 

Tailored behavioral, normative and comparative feed- 
back [55] are used to increase awareness of one's intake 
of fruit, vegetables, high-energy snacks and/or fat. 

Participants can complete a detailed questionnaire 
assessing their consumption levels (i.e. monitoring be- 
havior), based on which textual tailored feedback is pro- 
vided on the consumption level (behavioral feedback), 
normative feedback on how one's own consumption 



compares to the guidelines regarding the target behavior 
and, when a person has a lower intake than peers of the 
same age and gender, comparative feedback on how 
consumption of the target behavior compares to the 
consumption of peers (i.e. providing information about 
personal risk [31]). 

Attitude 

Methods used to influence participants' attitudes are 
belief selection, persuasive communication and model- 
ing [31,56]. 

Participants can choose two advantages and disadvan- 
tages that are most important to them from a predefined 
list of behavior-specific cognitive and affective advan- 
tages and disadvantages (i.e. belief selection). Examples 
of attitude items are: 'Eating more fruit is good for my 
health' and 'When I eat lower-energy snacks I feel less 
energetic'. Subsequently, tailored feedback is provided in 
order to reinforce the selected advantages and to weaken 
the selected disadvantages, or to correct incorrect as- 
sumptions (i.e. persuasive communication). In the feed- 
back on disadvantages of the target behavior, modeling 
is incorporated via peer stories. A peer describes, for ex- 
ample, that he or she thought he or she would feel less 
energetic when eating lower-energy snacks but that the 
opposite turned out to be the case when trying to eat 
lower-energy snacks. For fruit and vegetable consump- 
tion a 'taste-test' is incorporated in the feedback on, for 
example, the disadvantage 'I don't like the taste of fruit'. 
Participants who select this disadvantage can complete a 
test to identify their preferred taste (i.e. sweet, sour, bit- 
ter or combined) after which information is provided on 
fruit that matches their preferred taste. 

Environmental information is incorporated in the tailored 
feedback on disadvantages by providing tailored informa- 
tion on the availability and/or price of healthy food prod- 
ucts in the supermarket where the participant usually does 
the shopping. When a person, for example, selects the dis- 
advantage 'Vegetables are expensive', information about the 
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price of vegetables in the usually visited supermarket is 
provided. 

The fat module does not include methods that target 
attitude. 

Self-efficacy 

The methods used to target self-efficacy in the first self- 
regulation phase are prompting identification of barriers 
[30], persuasive communication [31,56], providing in- 
structions [30], modeling [56], goal setting [30,57] and 
action planning [31,58]. 

In the first part of the self-efficacy section participants 
select barriers from a predefined list (i.e. barrier identifi- 
cation), such as 'I can't resist the temptation to eat a 
high-energy snack' and 'I don't know how I can eat more 
fruit'. After choosing the barriers, tailored feedback with 
solutions to overcome them is provided (i.e. persuasive 
communication and providing instructions). In this feed- 
back, modeling is incorporated via peer stories. A peer 
gives, for example, tips on how to eat more fruit, even in 
the face of the identified barrier. 

Environmental information is incorporated in the 
tailored feedback on barriers by providing tailored ob- 
jective information on the availability and/or price of 
healthy food products in the usually visited supermarket. 
A predefined barrier for fruit consumption is, for ex- 
ample: 'Fruit is not widely available'. In the feedback 
on this barrier, tailored objective information about the 
availability of fruit is provided. 

In the second part of the self-efficacy section partici- 
pants select two predefined situations in which they 
think it can be more difficult to perform healthy behav- 
ior, such as 'When there is no delicious fruit available' 
and 'When I eat in a restaurant'. For these difficult situa- 
tions tailored feedback with practical solutions is pro- 
vided (i.e. persuasive communication and providing 
instructions). Modeling is incorporated in this feedback 
by providing stories on how peers found solutions to 
cope with the difficult situation. 

The last part of the self-efficacy section is aimed at 
goal setting and action planning, in order to translate 
the intention, which is formed in the previous parts, into 
action. Goal setting has the potential to facilitate (diet- 
ary) behavior change [59,60] and leads to higher per- 
formance levels when goals are specific and challenging 
or difficult [56,61]. To give participants sufficient free- 
dom of choice, and to make it fit with self-regulation 
[62], goal setting is incorporated in the intervention as 
an open-ended format, meaning that participants are 
free to formulate their own goal in provided text boxes. 
In order to guide participants, short instructions and 
examples of goals are provided. 

Once the goal is set, participants can formulate an 
action plan on how to reach their goal, in the form of 



implementation intentions, which are if-then plans that 
specify both the behavior that one will perform in the 
service of goal achievement and the situational context 
in which one will act [58], for example: 'If I am having 
lunch, then I am going to eat an apple'. Implementation 
intentions are incorporated in the intervention as an 
open-ended format and participants can specify, in pro- 
vided text boxes, when, where and how they are going 
to act to reach their intended goal. For example: for 
high-energy snack intake participants first specify when 
they want to perform their new behavior (e.g. 'When I 
am watching television') and subsequently what they are 
going to do instead of eating the high-energy snack (e.g. 
'Then I am going to take a short walk'), or how they 
are going to substitute the high-energy snack (e.g. 'Then 
I will eat fruit'). 

The fat module does not include methods that target 
self-efficacy. 

Availability and accessibility of healthy food products in the 
home environment 

The methods used to target the home environment are 
monitoring, persuasive communication [31,56], provid- 
ing instructions [30] and (as a result) creating a more 
supportive environment. 

Participants are asked whether they always have fruit, 
vegetables or high-energy snacks available at home 
and where they store these products (i.e. monitoring). 
Tailored feedback is provided on whether participants 
already arrange their home as a supportive environment 
or whether they can make some improvements (i.e. per- 
suasive communication). Practical suggestions are pro- 
vided in order to make the healthy food products more 
available and accessible and the unhealthy food products 
less available and accessible, for example: 'Do not always 
have high-energy snacks available at home', and 'If you 
do have high-energy snacks available at home, store 
these in a place where you don't always see them and 
put them behind the more healthy products'. As a result, 
participants are stimulated to rearrange their home en- 
vironment if necessary. 

The fat module does not include methods that target 
the home environment. 

Perception of availability and price of healthy food 
products in the supermarket 

The method used to target the perception of availability 
and price of healthy products (i.e. fruit, vegetables, low- 
energy and low-fat products) in the supermarket is 
tailored objective information, as already briefly de- 
scribed in the description of attitude and self-efficacy. 
This feedback is provided in response to specific attitude 
and self-efficacy beliefs, but also in a separate section, 
where participants again can read information on the 
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availability and price of healthy food products in the 
supermarket they usually visit. 

Phase II: action 

In the action phase participants try to achieve their be- 
havioral goal, by performing the specific actions that 
they have planned. The important determinants in this 
phase are awareness of the progression toward a suc- 
cessful behavior change and self-efficacy. Participants are 
asked to monitor every day for themselves whether they 
achieved their goal (i.e. monitoring [30]) and which diffi- 
cult situations they encountered (i.e. prompting identifi- 
cation of barriers [30]). This information can be used by 
the participants as feedback on the achievement of the 
goals and plan, and is used as input for the evaluation 
phase. 

Phase III: evaluation 

Awareness of the progression of the behavior change 

The first method to target awareness in the evaluation 
phase is monitoring the progression of the target behav- 
ior. Participants can state for each day of the past week 
whether or not they achieved their behavioral goal (i.e. 
monitoring progression of behavior change/prompt re- 
view of behavioral goals [30]). Based on this monitoring, 
tailored feedback on performance [30,63,64] is provided. 
For fruit and vegetable consumption, participants also 
report their fruit or vegetable consumption in the past 
week. Fruit and vegetable consumption is then com- 
pared with the consumption during the previous visit to 
the intervention and participants receive feedback on 
their progress in fruit and vegetable consumption. The 
snack and fat module did not include monitoring of in- 
take, because the assessment questionnaires were quite 
long. 

Attitude 

A decisional balance is used to target attitude in the 
evaluation phase. Participants who indicate they have 
not achieved their behavioral goal because they were not 
motivated are stimulated to make a decisional balance 
by specifying, in provided text boxes, the advantages and 
disadvantages of changing the target behavior. Subse- 
quently, an overview of this balance is provided and 
participants are stimulated to review the balance. After 
seeing their decisional balance, participants can indicate 
whether they are motivated to make a second attempt or 
whether they want to choose another target behavior. 

Self-efficacy 

To target self-efficacy in the evaluation phase, coping 
planning is used [65]. Participants who indicate they 
have not achieved their behavioral goal because of cir- 
cumstances can select which circumstances hindered 



them to perform their intended actions from a prede- 
fined list (e.g. 'I had a very strong desire to eat some- 
thing else') or describe a situation via an open-ended 
question. Subsequently participants are stimulated to 
make a plan to overcome the same situation the next 
time (i.e. coping planning). Coping planning is provided 
in an open-ended format, in which participants can state 
their own solution to overcome the difficult situation. 

In addition, all participants can state which difficult 
situations they expect in the following weeks. Partici- 
pants can choose a situation from a predefined list (e.g. 
'When the fruit I want to eat is not available') or specify 
an expected situation via an open-ended question, and 
are subsequently stimulated to make a plan to overcome 
this situation (i.e. coping planning, provided in an open- 
ended format). 

Next, participants are asked whether they are confident 
of achieving their goal in the next time period. When they 
are not confident, they have the opportunity to lower their 
goal in order to make it more feasible. When they are 
confident they have the opportunity to increase their goal 
in order to make it more challenging. 

The last method to target self-efficacy in the evalu- 
ation phase is providing instructions [30] and informa- 
tion about how participants can maintain their new 
behavior. Participants are instructed to follow a specific 
sequence of actions, for example: 'Monitor your fruit 
consumption', 'Make a plan for a new difficult situation', 
and Adapt plans that are not effective enough. Also, in- 
structions on what to do when one relapses to old habits 
and some practical suggestions on how to maintain the 
new behavior are provided, such as 'Make sure you 
always have fruit available at home'. 

Step 4: development of the online tailored intervention 

The web-based, computer-tailored intervention we de- 
veloped is called 'Bewust eten, hoe doe je dat?' ('Con- 
scious eating, how do you do it?') and consists of four 
modules: fruit, vegetables, high-energy snacks and (satu- 
rated) fat. The methods, as described in the previous 
part, are incorporated into two versions of the interven- 
tion. One version, the basic version, is only targeted 
at the individual cognitions and volitional and self- 
regulation processes, and therefore only includes the 
methods on knowledge, awareness, attitude and self- 
efficacy. The other version, the plus version, additionally 
targets the environmental factors and therefore also in- 
cludes methods on the availability and accessibility of 
healthy food products in the home environment and the 
perception of availability and price of healthy food prod- 
ucts in the supermarket. The technical development, in- 
volvement of the target group and the outline and 
sequence of the final intervention are described in more 
detail below. 
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Development of the online tailored intervention 

The web-based, computer-tailored intervention is de- 
veloped using the TailorBuilder software (OSE, the 
Netherlands), which is suitable for generating tailored 
feedback based on assessment questionnaires, tailoring 
algorithms and feedback messages. The intervention is 
delivered via a website (see Figure 1) where partici- 
pants can log in with their personal codes. 

The individual feedback on the intake of fruit, 
vegetables, high-energy snacks and fat is based on 
existing computer-tailored nutrition education inter- 
ventions [66,67]. The (feedback on) beliefs and bar- 
riers included in the intervention are partly based on 
these interventions, but also new beliefs and barriers 
are included, based on the input of a consumer 
panel (see Involving the target group during inter- 
vention development). 



The environmental information, which consists of the 
availability and price of selected fruit, vegetables, lower- 
energy snacks and lower-fat products, is collected via ob- 
servations in the local supermarkets (n = 58). A research as- 
sistant audited the cooperating supermarkets (n = 31) and 
observed the availability and price of selected products. 
Subsequently, the observed local supermarket information 
was incorporated into the computer-tailored intervention. 
Unfortunately, not all supermarkets agreed with the obser- 
vations. For the non-cooperating supermarkets (n = 27, of 
which 23 are affiliates of three large supermarket chains 
who did not wish to participate), general information on 
the availability and price of healthy food products in super- 
markets is provided to the participants. To keep product 
prices up to date, supermarket representatives were asked 
to send price updates every month. Most of the time, how- 
ever, the research assistant had to re-audit the supermarket 
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Figure 1 Print screen of the homepage of the intervention. 
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to update prices. In addition, information on websites of su- 
permarkets is used to collect information about the avail- 
ability and price of products and to update the information. 

Involving the target group during intervention 
development 

Representatives of the target group, consisting of highl- 
and low-educated adults aged 20-65 years, were in- 
volved during the developmental phase in two ways: via 
a consumer panel and a pretest. 

Consumer panel 

The consumer panel consisted of 55 people from the 
target group (mean age 51.31 years (SD = 12.43); 63.6% 
women; 40% low-educated) who were recruited via 
spreading flyers in low SES neighborhoods and recruit- 
ing people in shopping malls. 

Members of the consumer panel were contacted multiple 
times via e-mail or phone. They were asked to provide in- 
put on, for example: advantages and disadvantages of the 
target behaviors; barriers to performing the target behavior; 
and locations in the home environment to store food prod- 
ucts. They were also asked to provide feedback on ideas 
about the intervention name, appreciation of the recruit- 
ment folder and on how we could reach participants for 
the evaluation study. With the help of the consumer panel 
we were able to make the intervention fit the target group 
and to address beliefs and barriers that are salient in the 
target group. 

Pretest 

A first version of both versions of the intervention was 
pretested in order to identify points for improvement. A 
total of 44 persons participated in the pretest of the 
basic version. A qualitative and a quantitative pretest 
were conducted. 

Twelve people (mean age 41.9 years; 75% women; 50% 
low educated) participated in the qualitative pretest. 
During this pretest participants worked through the 
intervention in the presence of a researcher, who stimu- 
lated participants to think aloud and asked in-depth 
questions to check the comprehensibility of the informa- 
tion, such as 'Can you explain in your own words what 
you have read?'. Afterwards, participants filled out a 
short questionnaire to express their appreciation of the 
intervention and were stimulated to explain their an- 
swers. The qualitative pretest was also used to pretest 
the homepage of the website (see Figure 1); participants 
were asked to give feedback in terms of attractiveness, 
clarity and comprehensibility. 

Twenty-eight participants (mean age 48 years; 64.29% 
women; 35.7% low-educated) participated in the quanti- 
tative pretest of the basic version of the intervention. 
Participants worked through the intervention at home 



and filled out a questionnaire that measured, amongst 
others, appreciation (e.g. 'What score do you give this 
intervention?'), user-friendliness (e.g. 'This intervention 
was easy to use') and comprehensibility (e.g. 'The infor- 
mation was easy to understand) of the intervention and 
specific components. 

The basic version of the intervention was appreciated 
quite well (average rating = 7.98 (SD = 1.06)) and the in- 
formation was rated as useful, interesting, easy to under- 
stand, personally relevant and user-friendly. The time it 
took to work through the intervention was rated as be- 
ing acceptable. Points for improvement were the attract- 
iveness of the layout and the length of the texts. The 
texts were too long and participants tended not to read 
all the texts in their entirety. Therefore, the texts were 
made shorter and more concise. The less positive rating 
of the attractiveness of the layout was mostly because 
the intervention was not pretested in its final layout. 
After finalizing the layout, different members of the con- 
sumer panel rated the new design as being attractive. All 
participants who were shown the website appreciated 
the layout of the website and thought it was clear how 
to log in to the website. 

A group of six participants (mean age 46.2 years; 
83.33% women; 16.67% low educated) pretested the plus 
version of the intervention and 15 members of the con- 
sumer panel provided feedback on an example of price 
and availability information for lower-energy snacks. 
The plus version was scored with a 7.7 (SD = 0.98). The 
most important results were that the environmental in- 
formation was seen as being too independent from the 
other parts of the intervention and therefore it was not 
clear how it related to the tailored feedback on other de- 
terminants. Also, two participants thought the informa- 
tion was too commercial and thought the goal was to 
show supermarket advertisements. The first comment 
was solved by incorporating environmental information 
in the attitude and self-efficacy sections in order to re- 
late it to the other information. To solve the commercial 
look of the environmental information, we accompanied 
the information about availability and prices with more 
textual information in order to explain why this infor- 
mation is relevant. 

Scope and sequence of the intervention 

Each module (i.e. fruit, vegetables, high-energy snacks 
and fat) consists of three sessions of approximately 30 
minutes that can be worked through with a two-week 
interval between each session (taking six weeks in total). 
All sessions consist of multiple sections in which specific 
determinants are targeted. A general outline of the inter- 
vention is shown in Figure 2. The content and sequence 
of the sessions are described below. The content and se- 
quence for the modules about vegetables, fruit and high- 
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energy snacks are the same. The module about fat in- 
take, however, does not include the attitude and self- 
efficacy sections in the first session, in order to limit 
participant burden, since the assessment of fat intake is 
quite long. 

First session 

After receiving their log-in code and password partici- 
pants can log in to the intervention via a special website 
(see Figure 1). After reading a short introduction to the 
intervention participants can choose which target behav- 
ior they want to address first. 

The first session is aimed at the pre-action phase of 
self-regulation and starts with increasing knowledge of 
the target behavior: participants can self-tailor the infor- 
mation by choosing the topics of their interest. The next 
section is aimed at awareness: participants fill out an 
assessment questionnaire on the target behavior and 
receive tailored feedback. When participants already 
comply with the dietary guidelines, they are provided 
with the opportunity to choose another target behavior. 
When they do not comply, they enter the attitude 
section. 

The attitude section is not compulsory; participants who 
indicate that they think changing the target behavior is im- 
portant are given the opportunity to skip this section. The 
attitude section first addresses the advantages and subse- 
quently the disadvantages regarding (changing) the target 
behavior. Subsequently, self-efficacy is targeted, which is 



also not compulsory and can be skipped (partly or com- 
pletely) when participants are already confident that they 
can change the target behavior. The first part of the self- 
efficacy section is aimed at barriers and the second part at 
difficult situations. 

The plus version has two extra sections after the self- 
efficacy section. First, the home environment regarding 
the target behavior is targeted and subsequently object- 
ive information is provided about the availability and 
price of healthy food products in the supermarket where 
the participant tends to do his or her shopping. 

The first session ends with setting a goal and formulat- 
ing an implementation intention. After formulating the 
behavioral goal and implementation intention, an over- 
view of this goal and implementation intention is pro- 
vided on screen. The goal and implementation intention 
can be printed and are also saved on the website and 
can be reviewed when revisiting the website. At the 
closing page of the first session, participants can choose 
another target behavior or close the intervention. 

After the first session, participants can execute their 
plan(s) for two weeks in order to achieve their goal(s) 
(i.e. the action phase). After two weeks, they will be 
invited by e-mail to return to the intervention for the 
second session. 

Second session 

The second session is aimed at the (short-term) evalu- 
ation of the behavior change and starts with targeting 
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Figure 2 Overview of the sequence of the intervention. 
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the awareness of the behavior change: participants can 
monitor their goal achievement and receive tailored 
feedback. 

Participants who did achieve their goal on all days are 
complimented and forwarded to the 'expected difficult 
situations' part. Participants who did not achieve their 
goal on all days enter either the self-efficacy section to 
identify encountered difficult situations and to formulate 
coping plans, or the attitude section to see whether they 
are still motivated. Participants who indicate that they 
are not motivated to make a second attempt are for- 
warded to a page where they can choose another target 
behavior. 

All participants, except participants who are redirected 
to another target behavior, subsequently enter the ex- 
pected difficult situations part in which a coping plan is 
formulated. The last part of the self-efficacy section is 
aimed at goal setting and provides participants the op- 
portunity to adapt their goal. 

The second session ends with an overview of the cop- 
ing plan(s) and (adapted) goal(s), which can be printed 
and is also saved on the website. At the closing page of 
the second session, participants can choose (to evaluate) 
another target behavior or close the intervention. After 
the second session, participants again execute their plan 
(s) for two weeks and will then be invited by e-mail to 
return to the intervention for the last session. 

Third session 

The last session is aimed at long-term maintenance. The 
first part of the third session is more or less the same as 
the second session: monitoring the performance in the 
past week and, if applicable, getting insight into which 
situations caused failure, and subsequently making cop- 
ing plans for encountered and expected difficult situa- 
tions. In addition, the last session provides information 
and instructions on how participants can maintain their 
new behavior. 

At the closing page of the second session, participants 
can choose (to evaluate) another target behavior or close 
the intervention. 

Evaluation plan 

The first goal of the evaluation is to examine the efficacy 
of both versions of the intervention compared to generic 
nutrition information. It is hypothesized that after ex- 
posure to the intervention participants in both interven- 
tion conditions will have a higher increase in fruit and 
vegetable consumption and a higher decrease of high- 
energy snacks and fat (i.e. the primary outcome mea- 
sures) compared to the control condition. In addition, it 
is expected that both versions of the intervention will re- 
sult in more favorable values for the secondary outcome 
measures (i.e. self-reported body mass index (BMI), 



general self-control and general self-regulation) and me- 
diating variables (i.e. motivational determinants, habit, 
action and coping planning, perceived availability and 
price of healthy food products in the supermarket and 
availability of healthy food products at home) compared 
to the control condition. We will also examine whether 
there are differences in the efficacy of both versions of 
the intervention between high- and low-educated adults. 
We expect that the plus version is more effective for 
low-educated participants than for high-educated partic- 
ipants, since environmental factors are suggested to 
be more important among low SES groups (e.g. price 
[12,47,54]), and to mediate the association between SES 
and diet [11]. 

The second goal of the evaluation study is to examine 
the appreciation and use of the intervention and its 
components. In addition, the quality of the goals and ac- 
tion plans will be examined. 

Design and procedure 

A three-group randomized controlled trial will be con- 
ducted to study the effects of both versions of the inter- 
vention compared to a control group that will receive 
generic information about fruit, vegetables, high-energy 
snacks and fat. The program of the control group also 
consists of three sessions and will be delivered via the 
same website as the tailored intervention, ensuring the 
same layout. Measurements will take place at baseline 
(TO) and one (Tl), four (T2) and nine months post- 
intervention (T3). Before participation, an informed con- 
sent has to be signed and returned by post or e-mail. 
One month after completing the baseline measurement 
participants will be randomly assigned to one of the 
three study groups and participants will have access to 
their assigned program for two months. Two weeks after 
each intervention visit e-mail reminders will be sent to 
prompt returning to the intervention. Invitations to fill 
out the questionnaires will be sent via e-mail. Two and 
four weeks after the initial invitation e-mail reminders to 
fill out the questionnaire will be sent. 

When participants fill out all questionnaires, they can 
win an iPad (of which 20 are allotted) or a gift voucher 
of 20 euros (of which 500 are allotted). The Medical 
Ethics Committee of the Erasmus Medical Centre in 
Rotterdam approved the study protocol (NL35430.078.11/ 
MEC-2010-408). The trial is registered in the Dutch Trial 
Registry (NTR3396). 

Recruitment of participants 

A total of 2,000 adults will be recruited for participation 
in the study; 900 with a high educational level and 1,100 
with a lower educational level. The required number of 
participants is based on a power calculation, in which 
1,400 participants would be sufficient to detect a small 
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intervention effect, with a power of 0.80 and a signifi- 
cance level of p < 0.05. To account for a drop out of 10% 
of the participants between each measurement, 1,800 
participants need to be recruited into the study. To take 
into account a potentially higher drop out in the lower 
educational group, we will recruit 200 extra participants 
in this specific group. 

Participants will be recruited in five cities in the south of 
the Netherlands: Heerlen, Roermond, Venlo, Venray and 
Weert. The choice to limit the recruitment to these cities 
was made in order to be able to collect the environmental 
information needed for the plus version of the intervention. 
These five cities complied with the inclusion criteria that 
were defined for cities: having both high and low SES 
neighborhoods, having at least 25,000 inhabitants, not hav- 
ing too many (small) supermarkets and the municipality 
should be willing to provide a random selection of home 
addresses within the cities for recruitment purposes. The 
main recruitment method will be sending personal letters 
to randomly selected home addresses, but Facebook adver- 
tisements, advertisements in (local) newspapers, local TV 
and recruitment in shopping malls will also be used as re- 
cruitment strategies. Inclusion criteria for the participants 
are: being between 20 and 65 years of age, having a suffi- 
cient understanding of the Dutch language (in reading and 
writing) and having access to a computer that is connected 
to the Internet. Exclusion criteria are: being on a diet 
prescribed by a physician or dietician, having a medical 
condition that implies restrictions in eating behavior 
(e.g. CVD or bowel disease) and not willing to sign an in- 
formed consent. 

Measurements 

Online questionnaires will be used to collect self-reported 
data on the primary and secondary outcome measures. In 
addition, the potential mediating variables will be assessed, 
to be able to investigate the mediating pathways of the 
intervention effects. A process evaluation will also be con- 
ducted to assess appreciation and use of the intervention 
and the various components. Process measures will be 
incorporated in the first follow-up questionnaire and 
will contain questions on perceived attractiveness, user- 
friendliness, comprehensiveness, usability and perceived 
personal relevance. Also the appreciation of the environ- 
mental feedback and the goal setting and action planning 
tools will be measured. The use of specific intervention 
components and the number of visits to the intervention 
will be measured objectively via web-server registrations. 
Figure 3 provides an overview of the variables measured at 
each time point. 

Statistical analyses 

Repeated measures analyses will be conducted to study 
differences between the three study groups in changes in 



the food intake measures (i.e. main effects). Additional 
analyses will be conducted on secondary and mediating 
outcome measures. Since five cities were included in this 
study we will adjust for place of residence by including 
this variable as a covariate in the analyses. Because 
people with unfavorable diets probably profit more from 
the intervention, the efficacy of the intervention will also 
be assessed among subgroups that do not meet recom- 
mended intake levels for each target behavior at baseline. 
Interaction with educational level will be explored to 
study whether effects of the intervention differ according 
to educational level (i.e. interaction effects). To gain 
insight into the pathways of change, mediation of the 
intervention effects through the potential mediating 
variables will be examined with the joint significance 
test [68]. Descriptive analyses and (multiple) linear and 
logistic regressions will be conducted to study the appre- 
ciation of the intervention, the use of different compo- 
nents and the quality of goals and action plans. 

Discussion 

This paper describes the development, design and evalu- 
ation protocol of two versions of a web-based computer- 
tailored intervention aimed at increasing fruit and vege- 
table consumption and decreasing high-energy snack 
and fat intake. Both versions of the intervention were devel- 
oped systematically by using the Intervention Mapping 
protocol [31]. 

The intervention is innovative compared to existing 
interventions because it addresses the various phases of 
self-regulation and targets determinants that play a role 
in the motivational phase of the behavior change process 
as well as determinants that are important in the vol- 
itional phase of the behavior change process. In addition, 
in one version tailored feedback is provided on the ar- 
rangement of the home environment and the availability 
and prices of healthy products in the local food environ- 
ment (i.e. objective information on availability and prices 
of healthy food products in supermarkets). 

Incorporating environmental feedback in a web-based, 
computer-tailored intervention is a novelty for nutrition 
education, but it has previously been applied in tailored 
interventions aimed at promoting physical activity (e.g. 
[69,70]). Providing tailored environmental feedback for 
dietary behavior is, however, probably more complicated 
than for physical activity. In this intervention we provide 
environmental feedback based on information collected 
from observations in supermarkets. This approach ap- 
peared to be feasible, but very time-consuming. Collecting 
environmental nutrition information for incorporation in 
interventions would become more feasible if it was possible 
to make use of supermarkets' digital databases. Most super- 
markets do have such digital databases, but many represen- 
tatives of supermarkets in our study regions were not 
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Figure 3 Overview of the procedure of the evaluation study and measurements. 
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allowed or able to provide us with this digital information. 
Because prices of food products, especially of fruit and veg- 
etables, are subject to price fluctuations, prices had to be 
updated several times during the intervention period. 
Therefore, supermarket representatives were asked to pro- 
vide us with price updates every two weeks, which proved 
to be complicated and often new observations were re- 
quired to update the prices. In some cases information pro- 
vided on the websites of supermarkets could be used to 
update the information. 

The home environment has been included as a (small) 
part of the whole intervention. Adapting the home en- 
vironment may, however, be an intervention in itself. It 
is a complex behavior that includes multiple behavioral 
determinants, such as awareness, attitude and self- 
efficacy, which are not all explicitly targeted in this 
intervention. The effect evaluation will give insight into 
whether briefly covering the home environment already 
contributes to behavior change, or whether a more elab- 
orate approach is needed. 

Determinants of high-energy snack intake were under 
studied and therefore we had to make some assumptions 
for determinants based on theory and other behaviors. 
The effect evaluation will give insight into whether tar- 
geting the selected determinants is effective in changing 
high-energy snack intake, or whether other determinants 
are needed to be included in interventions aimed at re- 
ducing high-energy snack intake. 

One step of the Intervention Mapping protocol has not 
explicitly been described in this paper; the adoption 
and implementation plan [31]. During the intervention 



development we did anticipate the adoption and implemen- 
tation of the intervention by involving a municipal health 
services organization, members of the target group and rep- 
resentatives of supermarkets. Implementing the basic ver- 
sion of the intervention on a large scale will not be very 
complex, because providing tailored information based on 
individual and psychosocial determinants can be provided 
to anyone and is not region-specific. Implementing the ver- 
sion that includes environmental feedback will, however, 
probably be more difficult. If this version of the interven- 
tion is shown to be effective in changing dietary behavior 
and is thus suitable for implementation on a large scale, 
more efficient ways to collect the environmental informa- 
tion will be needed. To achieve this, close cooperation with 
supermarkets is necessary. This may require involving the 
headquarters of supermarkets, since the approach that we 
took by contacting the local supermarket managers did not 
result in active collaboration. If the intervention can be pro- 
moted as being an effective intervention, this could be an 
extra reason for supermarkets to collaborate. Furthermore, 
involvement of representatives of the municipalities may 
improve the chance of cooperation from the supermarkets. 

Because unhealthy dietary patterns are even more 
prevalent among people with a lower educational level, 
we explicitly took this target group into account. To 
make the intervention suitable for lower-educated par- 
ticipants, this specific group was involved via both the 
consumer panel and pretest. This way, we were able to 
take the wishes and needs of this particular group into 
account, such as keeping the provided information as 
clear as possible. In addition, also involving high-educated 
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people during the development of the intervention in- 
creases the likelihood that the intervention is attractive and 
appreciated by all subgroups within the target group. The 
pretest has already shown that both high- and lower- 
educated adults appreciated both versions of the interven- 
tion, and adaptations for improvement were made. 

Although a well-planned, theory- and evidence-based 
intervention has a higher likelihood of being effective, the 
efficacy of the intervention still has to be examined. This 
will be done in a three-group randomized controlled trial, 
which will give insight into the efficacy of both versions of 
the intervention compared to a generic nutrition informa- 
tion control group. In addition, differences in the efficacy 
among high- and low-educated people will be examined. 
Other studies, for example of van Genugten, van Empelen 
and Oenema [71], have shown that planning tools are not 
always used optimally and that formulated goals and plans 
are not always of good quality. Therefore, we will also 
examine the quality of the goals and action plans and which 
intervention elements are used by the participants. 

If the evaluation study shows that the two versions of the 
intervention are effective, then two well-developed interven- 
tions will become available for the large-scale implementa- 
tion and promotion of healthy dietary patterns among both 
high- and low-educated adults in the Netherlands. 

Additional file 



Additional file 1: Table SI. Theoretical methods and applications used 
in the intervention. 
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